-

008049

BASALT WASTE ISOLATION PROJECT

Mullinsaux et al. Mullinssux, 0. R., R. E. Wilson, W. F. Ebaugh, 1P
1978 R. Fryxal, and M. Rubin, 1978. * of the Las SCp
Major Scabland Flood of the Columbia River Platsau W 2350
in Eastern "‘SM"W" Quaternary Reseqrch,.
vo‘o m’ w. 171- w.

N 0'” C . This matesia! may be protected by 3
. copynght law (Title 17 U.5. Code) '




¢, 2 18 w vana-
d mmeral compositions
3e8. Amarctica. Geologr-
Setin 87, 1491-1500.
BN, Gaciology. 1. The
of wesaera Dronning
ish—Sevdish Antarcric
s JA, 1-37.
croep of e shelves:
12, 4%-53.
crecp of e shelves:
Sehavioe. Jouraal of

dysammacs of the Brunt
coxca. Brush Antarc-
decixars oa the Ross lce
she Lowmred States 11,

chur of the Ross Ice
of the West Antarcuc
299, 180 183.
dymamics and Ke-
- valley system.
31, 147-35%6.

. C. R. (1978). The
m wedfl of the Ross Ice
. No. M.

D. R. (1978). The
. In preparation.

s of the concentra-
xe core from Byrd
Aw Polar Studies.
smrs @ the sediments of
) d M.S. disser-
s Oromo.
img of giaciers. Journal

of tbe junction of an
of Glaciology 13,

QUATERNARY RESEARCH 10, 171-180 (1978)

Age of the Last Major Scabiland

Flood of the Columbia Plateau

in Eastern Washington

DoNAL R. MULLINEAUX, RaY E.

WiLcox, WALTER F. EBavGH,}

RoALD FRYXELL,? AND MEYER RUBIN

U. 5. Geological Survey. Box 25046, Federal Center. Denver, Colorado 20225, and U. S. Geological

Survey National Center,

Reston. Virginia 22092

Received January 24, 1978

Pumice layers of set S from Mount St. Hekascmbemmedwhhceminnhbedsnwcmed
with youn;ﬂooddeposiuoﬂhechmeledscabhnd.mmhlbapoin(swuncohboul 13,000
“C yr B.P. for the last major 800d 10 have crossed the scabland. Until recently, the last major
episodeofﬂoodingwnlbou;hnobeclosawzo.(InyrB.P..m*inl:rredchkﬂymmenhuon
of the flood to giacial events of the nortbern Rocky Moustains. Several investigations within the

800d occwrred well after 20,000 yr B.P. Tentative

events nbnnhenonhwnmw;hofwcaumbhﬂuuu.ndammmme
Saake River drainage southeast of the piatesu all indicate an age much younger than 20,000 yr.
The postulated age of about 13,000 yr B.P. isﬁnhersuwonedbynndiocutoedakhltholumbh
River valley downsiream from the scabland tract. Basal peat from a bog oa the Portiand delta of
Bretz. which is a downvalley deposit of the last major scabtand flood, has been dated as 13,080

= 300 yr B.P. (W-3404).

INTRODUCTION

The last great Pleistocene flood to sweep
across the channeled scabland of the
Columbia Plateau (Bretz, 1923, 1969) has
not been closely dated. chiefly because of
the scarcity of carbonaceous material in the
flood deposits. Fryxell (1962) obtained an
older limiting radiocarbon date of about
33,000 yr for the last episode of scabland
ficoding. In addition. his date of about
12,000 *C yr for the Glacier Peak ash that
overlies scabland flood deposits (Fryxell,
1965: Powers and Wilcox, 1964) provides a
younger limiting date. Fryxell (1962) as-
sumed that advances of Cordilleran ice
lobes east and west of the Cascade Range
were approximately synchronous and esti-
mated an age range of 15,000 to 20,000 yr
for **the last few scabland floods™’ (Fryxell,
1962). Richmond et al. (1965) reported that

' Present address: Department of Geology . Allegheny
College. Meadville, Pa. 16335,
! Deceased.

the last great scabland flood occurred near
the end of early Pinedale time of the
northern Rocky Mountams. Chiedy on the
basis of that evidence, Bretz (1969) inferred
an age of abont 20.000 yr B.P. for the last
major scabland flood. and Baker (1973,
1976) estimated its age as 18,000 to 22.000
yr B.P. Waters (1933), Bretz et al. (1956),
and Baker (1973) also suggested that a later
fiood, perhaps at about 14,000 yr B.P., was
confined to the Columbia River Valley.
More recently, several investigations
have indicated that the last major flood is
younger than 15,000 to 20,000 yr B.P. Waitt
(1972, 1977) inferred that the last scabland
flood occurred after the Cordilleran ice
retreated northwest of the plateau. Rigg and
Gould (1957) had previously shown that the
Cordilleran ice west of the Cascade Range
had retreated before 13,500 yr B.P., and
Waitt noted that, if the Cordilleran lobes
east and west of the Cascades were con-
temporanecous, the latest flood must have
occurred after 13,500 yr B.P. Muilineaux
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ng similarity of extensions of pumice layers of set S. Thus,
volcanicnhindepositsoftbescabhndmd the ash beds ang the associated flood [
Mount St. Helens pumice of set S, which deposits must be about 13,000 1+C yr old
was dated, in part, as young as 13,000 yr (Mullineaux ¢ al., 197, f
old. Foley (1976), Hammaty ( 1976), Moody To make the Correlation, we have com-
(1977), and Smith ¢¢ al., (1977) have al] al  pared petrographic and chemical charac- {
least tentatively correlated ash layers asso- teristics of ash beds in flood-associated

; F1G. 2. Diagram matic
ciated with scabland flood deposits with set deposits near Vantage and Wanapum Dam ; Straligraphic horizons
S pumice. In addition, Hammatt ¢ al.  aloag the west edge of the plateau (Fig. 1) fayers are representative
(1976) reported a scabland flood that, on the with similar data for the severa] groups of .
besis of a radiocarbon date in the Saake upper Fleistocene pumice layers that are The present inv
River drainage, ““may date 0 14,000 known near Mount St. Helens (Fig. 2). We Fryxell and wilco
years B.p." als0 sought out exposures of et S ash ar sampled ash at
The ash beds associated with deposits of  intermediate points between the volcano the westem and ceq
the last major offer an excellent means  ang the Columbia Plateau. As 5 further That investigation,
of assigning a refatively precise radiocarbon  check, we investigated the age of the peat by Fryxell's death
date to that flood, if those ash beds can be that immediately overiies the Portiand deita Studied the stratig
correlated with ash layers that are closely of Bretz (1925), which is a downvalley St. Helens cjecta
duted by radiocarbon elsewhere, We bave  deposit of the last major scabland flood, The Ebaugh carried out
concluded that certain ash beds in flood. peat hias been dated as 13,000 = 300 yr B.p. ! and Rubin was
related deposits are definitely downwind (W-3404). radiocarbon samg
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20,380 + 500 (W.2840)
and down the Columbia
% NE 4 sec. 30, T. 1ITN.,
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36.000 * 2.000 (W-2853;

Sl layers of et S, Thus, g
associated flood !
R 13.000 '*C yr oid

).

) ) —~
on, we have com- i Jraooﬂ.ooo(wzeen

d chemical charac. |

= flood-associated Fia. 2. ADillr_lmuric section of upper Pleistocene pumice deposits from Moun; St. Helens showing

W, Dam ' Stratigraphic honmn; of sclec?ed ndiocarbon Sampies (hat have been dated Thicknesses shown for Pumice

‘ mthe ﬂum:pwm(F'l ig. 1) hyernrerepresenunve for a distance of about 10 km from the vokwowman‘-lhenonbun 10 east directiony
. ups of : . .

_";’:’rs";ap'm The present inves;;

ASH LAYERS IN DEPOSITS
Helens (Fig. 2). We

ASSOCIATED WITH FLOOD
of se1 S ash ar sampled ash g many sites, especially in GRAVELS
etween the volcano the estemn and central pans of the plateau,
cau. As a further That mves;lntxon._howeur, was cut short Thin beds of white, pumiceouys volcanic
the age of the peat by waell s de_alh in 1974. Mullineaux bas  ash are widespread (Fryxell, 1972; Brown,
lies the Portland delta Studied the straligraphy and age of the Mouny 1973, Gustafson, 197, Hammatt o 4
ich is a downvalley St. Helens ejecta at and near the voicane, 1976; Moody, 1976) in sands and silts cajjed
. flood. The Ebaugh carmied out the analy
13,080 - 300 yr B.P, ; and Rubin wag

ses.  slack-water deposits (Bretz o; al.,
responsible for dating the i i
radiocarbon sampies,
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water sediments have aiso been referred to

as back-water and back-
Bretz (1929, 1969) and as

preted by Bretz (1929,
others (e.g., Baker, 1973,

dating.

In outcrop, many of the
striking in that they appear as couplets and
triplets; that is, two or three successive ash
beds are separated by nonvolcanic sedi-
ments that apparently were deposited rapidly
and are only a few centimeters to a few tens

MULLINEAUX ET AL.

flood deposits by
Touchet Beds by
Flint (1938). Some investigators
Gustafson, 1976) have proposed that certain
slack-water deposits are si
Younger than the last flood t
scabland. We believe, however, that the
sediments containing the ash beds either
were laid down during that flood, as inter-
1969) and many
Moody, 1976), or
were deposited shortly enough after the
flood that any difference in age would be
within the limits of error of radiocarbon

gnificantly
0 cross the

ash layers are

(e.g..

of centimeters thick. These ash beds seem to
have originated from at least three closely
timed explosive eruptions,

The ash layers in the slack-water sedi-
ments contain abundant phenocrysts of
cummingtonite. Cummingtonite is uncom-
mon in volcanic ejecta, but jt is abundant
in ejecta of late Plcistocene age from Mount
St. Helens volcano (Fig. 1) Wilcox, 1965,
Mullineaux er 4/, , 1972, 1975). Mount St.
Helens, therefore, is regarded as the
probable source of the ash beds in the slack-
water deposits,

Cummingtonite phenocrysts, however,
are characteristic of pumice from at Jeast
four different Pleistocene eruptive episodes
of Mount St. Helens. Moreover, more than
oOne catastrophic flood, each with possible
associated slack-water sedimen's, occurred
during the Pleistocene (Bretz, 1969; Bretz
et al., 1956; Hammatt er al., 1976; Rich-
mond er al., 1965). Thus, cummingtonite-

TABLE |

CHARACTERISTIC FE-MG PuenocrysTs N Urren
AND FROM ASM BeDps INn StaCK-waTER

PLEISTOCENE PUmice Derosits From MounT ST. HeLENS
EPOSITS NEAR VANTAGE anD Wanarusm Danme

Horn- Hom-
Cumming- blende, blende. Orthopy-
tonite green brown roxene Olivine Biotite

Se1 S

Layer So A A C C

Layer S¢g A A C M

Other A A C M
Set K A A M M
Set M

Layer Mm M A M Cc

Layer Mp o A M M

Other A A M M M
Set C A A M. C M M
Beds near Yantage

Upper A A C Cc

Lower A A C M
Beds near

Wanapum Dam

Upper A A C c

Middie A A o M

Lower A A C M

* Proportions of Fe-Mg
< 0%,

suites (rough estimates): A, abundant, >25%; C. tommon, 10-25%; M. minor,

many of the four g
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represented by ash &
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at least seven pumic
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bearing ash layers in slack-water sediments
re than one eruptive

Fepresented by
be determined

CORRELATION OF SCABLAND ASH
LAYERS WITH SgT S EJECTA

The ash beds near Vantage and Wanapum
Dam might conceivably be correlative with
any one of four groups of cummingtonite-
bearing pumice layers from Mount Si.
Helens (Fig. 2). At the volcano, pumice
layers older than set § (Fig. 2) have not
been named (Mullineaux ¢r al., h
They can now be subdivided further, how-
€ver, and additiona} sets of pumice can be
designated {Fig. 2). The oldest, set C,
contains severaj pumice beds, ail of which
apparently are wejlover 30,000 yr ojd. Set M
Is a stratigraphica]ly welldefined group of
at least seven pumice }

erupted. Refatively lit
stratigraphic sequence,

Approximate dge. stratigraphic relations,
and minerg! content are criteria by which
correlation of ysh layers of the scabland and
Set S can be readily tested. The ash beds at
Vantage and Wanapum Dam clearly date

aciation because they
occur in deposits that are assoc dated with
floods caysed by catastrophic emptying of
Glacial Lake Missoula during that glaciation
(Richmond ¢ 4/, » 1965). Their close strati-
graphic Spacing suggests that they were
ejected by 3 series of closely timed erup-
" ns. Cummingtonile and homblende are

abundan: in the Fe
inaﬂtbeashbedsaxv .
In addition, orthopyroxene is plentiful in the
Uppermost bed at each site (Table 1).

Nf the four Froups of pumice layers at
Mount St. Helens that might be correlative
with the ash beds at Van
Dam, set ¢ seems to
Pumice layers of set
during the last major glaciation but probably
not in rapid succession, and none is known
o contain 3 significant amouynt of ortho-
Pyroxene (Tabie |). Set M and set § also
Were erupted during the last major glacia-
tion, and the sruptions that
sets apparently occurred in rapid succes-

i Cummingtonite and hornbiende

erize Fe-Mg Phenocryst sujtes of

both sets, and orthupyroxene is plentifuj

in the uppermost layer of each set (Table 1),

From these criteria, cither set Morset s

could be correiative with the ash beds at
Vani.ze and Wanapum Dam.

Mincralogic differences, however, djs-
tinguish set § Pumice from that of set M,
Although the phenocryst suites of the two
Sets are similar, their proportions of green to
brown hormblende differ markedly (Tabie
D). Green 1o brownish-green hornblende
phenocrysts whose « indices are less than
1.660 are abundant in aj Pumices of both
sets. Brown 1o greenish-browp hombiendes
whose a indices are greater than 1.660 are
present in set M Pumice, but they generally
make up only a smal| percentage of the
total hornblende in any
set S pumice, however, brown 1o greenish-
brown hornbiendes whose a indices are
greater than 1.660 are plentifui, and they
generally make up 30 to 50% of the homn.
blende in 3 sample (Table 1). Generally,
brown hornblende js nearly 10 times ag
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TABLE2

Ca. Pe. anD K IN GLASS SHARDS Faom Uprenr PLEISTOCENE PUNIKCE DerosiTs FrROM MOUNT ST. HELENS
AND FROM ASH BEDS IN SLACK-WATER DEPOSITS NEAR VAMTACE AND WANAPUM Danme

Locatioa® Sampic Layer

Ca Fe Ca:Fe:K
(%Y %r (%r ratio

T4W 102 So

$12-11-8 Ma
8-12-71-9 Mp

VY amtage 68W65 Upper
63W67 Lower

092 =005  0.34 =008 . ) 28:25:47
74W101 Sg 1.07 = 0.13

0.94 = 0.06 . . 30:27:43

1.00 = 0.10 0.84 = 0.07 . . 30-26:44
0.99 = 0.09 0.81 = 0.03 . . 30:25:45

0.97 = 0.03 0.85 = 0.07 . X 29:25:46
1.11 = 0.06 0.6 = 0.06 . X 33:25:42

Wanapum Dam W44 Upper 1.03 = 0.04 0K =010 . E 30:25:45

HW4S Mid

1.11 = 0.09 0.81 = 0.05 . X 34:25:4)

« The data were collected on an ARL-EMX microprobe at the U.S. Geological Survey iz Denver, Colorado:
ey are relative 1o obsidias standard U of A 5831 (Westgate and Fultom. 1975) corrected for background with
reference to quanz, suppied by D. G. W. Smith. The probe was operated at 15 kV with a sampie current

of 15 nA (quartz), defocused 10 5-um beam width.
* Locations are shows n Fig. 1.
* Valses are means = SD.

similar. Thus, hornbiende proportions

downw ind from Mount St. Helens shouid be
similar to those at the voicano.

Another difference between the two sets
can be seen in the abundance of cumming-
tonite in their uppermost laycrs. The upper-
most layer of set S coatains 3 much higher
proportion of cummingtonite relative to
hornblende than does the topmost bed of
set M (Table 1).

The proportions of brown to green homn-
blende and of cummingtonite to homnbilende
in the ash beds at Vantage und Wanapum
Dam match those of set S rather than those
of set M (Table 1). Thus, petrograpiuc
evidence seems adequate to select set S
rather than ‘set M as the correlative of ash
beds at Vantage and Wrnapum Dam.

In the field, we have found set S ash layers
at many sites between Mount St. Helens and
the Columbia Plateau. [n addition to many
sites close to the voicano, ash beds were
sampled at three places at distances of about
30, SO, and 100 km from Mount St. Helens,
approximately along a line betweea Vantage
and the volcano. The easternmost (Tieton)
site is roughly two-thirds of the distance
from Mount St. Helens to the Vantage

locality (Fig. 1). At cach site the stratigraphic
relations suggest a rapid sequence of ash-
falls, browm hornblende phenocrysts are
plentiful, and the uppermost cummingtonite-
bearing ash layer contains plentiful ortho-
pyroxene. The ash beds become thinner and
finer grained as distance from Mount St.
Heleas increases. Thus. it is clear that
multiple layers of set S extend across the
Cascade Range toward the Vantage and
Wanapum Dam sites.

Prefiminary microprobe analyses show a
strong similarity in the composition of
glass in ash from the YVantage and Wanapum
Dam sites and in pumice from sets S and M
(Table 2; Fig. 3). They fail, however, to
distinguish clearly between set S and set M.
Smith and Westgate (1969) and Smith ez al.,
(1977) have pointed out that the elements
potassium (K), calcium (Ca), and iron (Fe)
are sufficiest to distinguish some ash beds
from Cascade voicanoes from certain others.
For comparison, K. Ca. and Fe contents of
each sampie (Table 2) can be converted to
proportions whose sum is 100%, and those
proportions can be plotted on a ternary
diagram (Smith and Westgate, '969; Fig. 3).
Table 2 and Fig. 3 show the scatter and

for (T, W. Yn) Mount St.
lower units. The aumber o

overiap of points for
S and M as well as

technique at a 95%
that is, the scatter is
expected from repeaf
sample using that
sample data for
statistically different
95% confidence level
fidently correiate the

cither set S or set }
microprobe analyses
however, did yield
of K reiative to Ca an
uppermost bed of set
lying layer Sg (Fig.

same relation betwe
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.
Wanapien Cam L
F1G. 3. (A) Ebcu'oo-micropmbe measurements of relative Proportions of X. Ca. and Fe in glagy shards from
upper micedepom&m)loumﬂ Heieusmdfmmnbbedshlhckvmrdepmmm

overiap of points for oyr samplies from sets
SandMuweuasforasbﬁ'ometage
and Wanapum Dam. The distribution of

reiated to the precision of omr microprobe
technique at a 959y, level of confidence;
that is, the scatter is about what would be

fidently correlate the ash beds at Vantage
and Wanapum Dam preferentially with
cither set S or set M on the basis of the
microprobe analyses. Qur measurements,
however, did yield higher proportions
of K relative to Ca and Fe for layer So, the
Uppermost bed of set S, than for the under-
lying layer Sg (Fig. 3). we measured the
same relation between the upper and lower
beds at Vantage and the upper two beds af

Wanapum Dam. In contrast, the proportion
of X relative to Ca and Fe for the upper-
most bed of set M i lower than in the under-
lying layer. Thus, the probe data are con.
sistent with 2 correlation of set § with the
ash beds at Vantage and Wanapum Dam,
We conclude, mainly from stratigraphjc
and petrographic data, that the ash beds at

How many other "‘couplet’” and ““triplet”
ash layers in slack-water sediments of the
plateau belong 1o set S. however, s yet to be
determined. Investigations by Smith et al,
(1977), Moody (1977), Foley (1976), and
Hammaz: (197¢) indicate that set § ash beds
can be identified at several other sites on and
near the plateay.

AGE OF SET s EJECTA

From carly studies at Mount St. Helens,
set S was reported 1o be between about
18,000 and 12,000 yr old (Mublineaux
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et al., 1972). Later, a sampie of charred
wood from a Pyroclastic low within set S
and below at jeast two beds of the set was
determined 1o be 13,100 = 350 yr old
(W-2983). On the basis of that date, the

slightly younger (Muilineaux ¢; al., 1975).
iti ples, from peat layers
that respectively underie and overtie all set
S layers present at a site S0 km northeast of
Mount St. Helens, have been dated at 13,650
= 350 (W-3136) and 12,120 = 350 (W-3133)
yr B.P.

tion is noticeable only at the top of the set,
and this oxidation occurred after 13,000
¥t B.P. but before deposition of overlying
deposits dated ap about 12,000 yr B.P.
(Mullineaux er 4/, 1975). Lack of significant

AGE OF FLOOD DEPOSITS
NEAR PORTLAND

Although material suitable for radio-
carbon dating has not been obtained from
the flood deposits on the Columbia Plateay
itself, such material is abundant on the sur-
face of the so-called Portland delta de.
scribed by Bretz (Bretz, 1925, Trimble,
1963; Fig. 1). The delta was formeg by the
last major scabland flood as jt continued
down the Columbia Rjver Valley. The deha

is an appropriate place to date the flood

the Portland area was not glaciated
and probably was humid and densely
vegelated. Revegetation of the delta surface
should have occurred quickly after the
floodwater receded, and peat probably
began to accumulate in ponds on that sur.
face very soon after the flood.

Our date is derived from peat taken from
the base of 2 bog described by Rigg (1958) as
the Manor peat area No. 2. It lies on the
surface of the delta a short distance north
of Yancouver, Washington, in the SW 14
SEYsec.7.T. 3 N..R.2E..atan altitude of
approximately 60 m above sea level. The

bog site appears 1o be high €nough to have

land flood. Later floods (Waters, 1933: Bretz
el al., 1956: Baker. 1973 have been de.
scribed as being confined to the narrow
Columbia River Valley in eastern Washing.
toa; the valley of the Columbia near the bog
locality is much broader and should have
carried any later floods without high water
Sweeping over the bog site.

Peat from the basal 2 ¢cm of the bog has
been dated 35 13.080 = 300 yr B.pP.
(W-3404). It does not seem likely that the
underlying flood deposits coyld be signifi-

OIscussion

We suggest that the 13,000 yrdate be ysed
as an approximate age for the lasg major
flood episode. Although, strictly speaking,
the date provides only a younger limit, we
believe that it is very close to the actyaj age
of the flood. The postulated and truc ages
would not differ significantly eveq if the
slack-water deposits in which the ash layers
occur were a few teng or a few hundreds of
YEars younger than the flood gravels, since
that range is similar to the range of uncer-
tainty of the radiocarbon method itseif,

Because of thag
these and other radj
likely 1o answer q
Nature and age of sed
shortly after the
Hammayt ., al., 19
identification and ¢q
ash layers founy o
provide precise t
help clarify detailg
flood, as wejj as eard
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